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The reaction of cadmium acetate dihydrate with 2-acetyl- 
pyridine (4-phenylthiosemicarbazone) yielded the title 
compound, [Cd(C 14 H 13 N4S) 2 ]. The Cd" atom is six-coordin- 
ated in a distorted octahedral environment by two deproton- 
ated thiosemicarbazone ligands acting in a tridentate chelating 
mode through two N and one S atoms, forming metalla-rings. 
In the crystal, molecules are connected through inversion 
centers via pairs of N— H- ■ S interactions, building a one- 
dimensional hydrogen-bonded polymer along [011]. 

Related literature 

For the synthesis of 2-acetylpyridine-(4-phenylthiosemi- 
carbazone), see: Offiong & Martelli (1997). For thiosemi- 
carbazone complexes with similar coordination environments, 
see: Ali et al (2002); Kovala-Demertzi et al. (2005). For the 
antibacterial and antifungal activity of Cd 11 thiosemicarbazone 
complexes, see: Alomar et al. (2010). For the bioinorganic 
chemistry of the Cd 11 ion and its relation to biologically 
important ions, namely Zn 11 and Ca 11 , see: Kaim & Schwe- 
derski (1995). 





N— N N— \ 
Experimental 

Crystal data 

[Cd(C 14 H 13 N 4 S) 2 ] 
M r = 651.09 
Triclinic, PI 
a = 9.8452 (2) A 
b = 13.0116 (3) A 
c = 13.1736 (5) A 
a = 116.495 (1)° 
B = 105.757 (1)° 

Data collection 

Bruker APEXII CCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 

Tna,, = 0.816, r mttx = 0.902 

Refinement 

R[F 2 > 2a(F 2 )] = 0.038 
wR(F 2 ) = 0.080 
S = 1.06 
8199 reflections 
362 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 96.122 (1)° 
V = 1401.81 (7) A 3 
Z = 2 

Mo Ka radiation 
fi = 0.96 mm~' 
T = 296 K 

0.22 x 0.14 x 0.11 mm 



29421 measured reflections 
8199 independent reflections 
5975 reflections with / > 2o(I) 
R iM = 0.044 



H atoms treated by a mixture of 
independent and constrained 
refinement 
A/w = 0.75 e A~ 3 
Ap mi „ = -0.49 e A~ 3 



D-H-A 


D—H 


H-A 


D- ■ A 


D-H-A 


N4-H8---S1' 


0.84 (2) 


2.60 (3) 


3.437 (2) 


172 (2) 


N8-H21---S2" 


0.83 (3) 


2.79 (3) 


3.513 (2) 


147 (2) 


Symmetry codes: fi) 


—x, — y -f- 1, — z - 


p 1; (ii) -x, -y, 


—z. 





Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg, 2006); software used to prepare material 
for publication: publCIF (Westrip, 2010). 
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(Federal University of Santa Maria, Brazil) for his help and 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5877). 
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Bis{4-phenyl-1-[1-(pyridin-2-yl-ft-N)ethylidene]thiosemicarbazidato- 
A: 2 N 1 ,S}cadmium 

Alexandra de Souza Fonseca, Vanessa Carratu Gervini, Leandro Bresolin, Aline Locatelli and 
Adriano Bof de Oliveira 

Comment 

Thiosemicarbazone derivatives have a wide range of applications on biological inorganic chemistry. For example, some 
Cd 11 thiosemicarbazone complexes show important antibacterial and antifungal activity against Acinetobacter baumannii 
and Aspergillus fumigatus, respectively (Alomar et ah, 2010). In addition, the Cd 11 ion has similarity with two biologically 
important elements, namely Zn 11 and Ca 11 . The ionic radii for these cations are 0,95 A, 0,74 A and 1 ,00 A, respectively, 
and the chemical similarity suggests that Cd 11 may displace Zn 11 and Ca 11 from critical biological sites (Kaim & 
Schwederski, 1995), making the cadmium coordination chemistry very attractive. As part of our study of thio- 
semicarbazone derivatives, we report herein the synthesis and the crystal structure of a new Cd 11 complex with 2-acetyl- 
pyridine-(4-phenylthiosemicarbazone). 

In the title compound, in which the molecular structure unit matches the asymmetric unit, the Cd 11 ion is six-coordinated 
in a distorted octahedral environment by two deprotonated 2-acetylpyridine-(4-phenylthiosemicarbazone) ligands acting 
in a tridentate chelating mode, forming five-membered rings (Fig. 1). The selected bond angles formed between donor 
atoms trough the Cdl atom are N6— Cdl— N2 = 151.43 (7)°, Nl— Cdl— SI = 134.61 (5)° and N5— Cdl— S2 = 
143.06 (5)° and show clearly a distorted octahedral environment. The displacement from ideal coordination geometry is 
probably a consequence of the geometrical requirements of the ligand and of crystal packing interactions. 

The acidic hydrogen of the hydrazine fragment is lost by the reaction with KOH, which is in agreement for thio- 
semicarbazone derivatives prepared from aldehydes or ketones. The negative charge is delocalized over the C — N — N — 
C — S fragment as indicated by their intermediate bond distances. The imine and thioamide C — N distances indicate 
considerable double bond character, while the C — S distance is consistent with increased single bond character. For the 
first ligand, these distances are C6— N2 = 1.285 (3) A, N2— N3 = 1.385 (2) A, N3— C8 = 1.311 (3) A and C8— SI = 
1.748 (2) A and for the second ligand, they are C20— N6 =1.291 (3) A, N6— N7 = 1.373 (3) A, N7— C22 = 1.305 (3) A 
and C22— S2= 1.738(2) A. 

The two ligands are coordinated to the Cd" ion in their meridional conformations with the S1/S2 thiolate and the N1/N5 
pyridyl atoms cis to each other, while the N2/N6 azomethine atoms are trans to each other. A similar meridional 
conformation has also been observed in the Mn" complex with the same thiosemicarbazone ligand (Kovala-Demertzi et 
ah, 2005) and in several Cd" complexes with tridentate "NNS "-chelating ligands derived from thiosemicarbazones (Ali et 
ah, 2002). The two ligands show a Z — E — Z conformation for the donor atoms about the CI — C6/C6 — N2/N3 — C8 and 
the CI 5— C20/C20— N6/N7— C22 bonds, respectively. 

The ligands are not planar (Fig. 1 and Fig. 2), the mean deviations from the least squares planes for the chelated 
fragments Cdl/Nl/Cl/C6/N2 and Cdl/N2/N3/C8/Sl amount to -0,0644 (16) ° for CI and -0,2702 (12) 0 for N2, 
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respectively, and the dihedral angle between the two planes is 20,15 (10)°. The maximal deviation from the least squares 
plane through all non-hydrogen atoms for the acetylpyridine derivative fragment C1/C2/C3/C4/C5/C6/C7/N1 and for the 
phenyl-thiosemicarbazone derivative fragment C8/C9/C10/C11/C12/C13/C14/N2/N3/N4/S1 amount to 0,1120 (19) A for 
C7 and 0,1301 (16) A for N2, respectively, and the dihedral angle between the two planes is 30,76 (08)°. 

Additionally, the mean deviations from the least squares planes for the chelated fragments Cdl/N5/C15/C20/N6 and 
Cdl/N6/N7/C22/S2 amount to 0,0489 (13) A for N5 and 0,0371 (12) A for N6, respectively, and the dihedral angle 
between the two planes is 4,31 (07)°. The maximal deviation from the least squares plane through all non-hydrogen 
atoms for the acetylpyridine derivative fragment C15/C16/C17/C18/C19/C20/C21/N5 and for the phenyl-thio- 
semicarbazone derivative fragment C22/C23/C24/C25/C26/C27/C28/N6/N7/N8/S2 amount to 0,0457 (17) A for C21 and 
-0,5623 (31) A for C28, respectively, and the dihedral angle between the two planes is 14,77 (11)°. The displacement 
from planarity, for both of the ligands, is probably a consequence of the coordination with the Cd 11 ion and of crystal 
packing interactions. 

The crystal packing is stabilized by intermolecular hydrogen bonding. The molecules are connected through inversion 
centers via pairs of N — H— S interactions (Table 1; N4 — H8— SI' and N8 — H21---S2"), building a one-dimensional H- 
bonded polymer along the (0 I T) direction (Fig. 2). Symmetry codes: (i) -x, -y + \, -z + \; (ii) -x, -y, -z. 

Experimental 

Starting materials were commercially available and were used without further purification. The synthesis of 2-acetyl- 
pyridine-(4-phenylthiosemicarbazone) was adapted from a procedure reported previously (Offiong & Martelli, 1997). 2- 
Acetylpyridine-(4-phenylthiosemicarbazone) (2 mmol) was dissolved in ethanol and treated with one KOH pellet. 
Stirring was maintained for 30 min, while the reaction mixture turns yellow. A solution of cadmium acetate dihydrate (1 
mmol) also in ethanol was added under continuous stirring and under slight warming to 60 °C. After 3 h a yellow solid 
was formed. This solid was filtered-off, washed with small portions of cool ethanol and dried at room conditions. Yellow 
crystals of the complex, suitable for X-ray analysis, were obtained by recrystallization from a 2:1 mixture of acetone and 
dimethylformamide. 

Refinement 

H atoms attached to C atoms were positioned with idealized geometry and were refined isotropic with t/ eq (H) set to 1 .2 
times of the U eq (C) for the aromatic and 1.5 times of the U eq (C) for methyl H atoms using a riding model with C — H = 
0.93 A and C — H = 0.96 A, respectively. H atoms attached to N atoms were located in difference Fourier maps. Their 
positional and isotropic displacement parameters were refined. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Broker, 2009); data reduction: SAINT (Broker, 2009); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg, 2006); software used to prepare material for 
publication: publCIF (Westrip, 2010). 
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Figure 1 

The molecular structure of the title compound with labeling and displacement ellipsoids drawn at the 40% probability 
level. 




Figure 2 

The crystal structure of the title compound showing the molecules connected through N — H---S interactions and building 
a one-dimensional H-bonded polymer along the (Oil) direction. Hydrogen bonding is indicated as dashed lines and the 
figure is simplified for clarity. Symmetry codes: (i) -x, -y + 1, -z + 1; (ii) -x, -y, -z. 

Bis{4-phenyl-1 -[1 -(pyridin-2-yl-/ciV)ethylidene]thiosemicarbazidato- it^iV'^cadmium 



Crystal data 

[Cd(Ci4H 13 N 4 S)2] 
M r = 651.09 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.8452 (2) A 
fc= 13.0116(3) A 
c= 13.1736 (5) A 
a = 116.495 (1)° 
P= 105.757 (1)° 



y = 96.122 (1)° 
V= 1401.81 (7) A 3 

Z=2 

P(000) = 660 

D % = 1.543 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 5467 reflections 

6 = 2.3-23.9° 

ju = 0.96 mnT 1 
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r=296K 
Block, yellow 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2009) 
r min = 0.816, r max = 0.902 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > 2c7( J F 2 )] = 0.038 

wRiF 1 ) = 0.080 

S = 1.06 

8199 reflections 

362 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



0.22 x 0.14 x 0.11 mm 



2942 1 measured reflections 
8 1 99 independent reflections 
5975 reflections with / > 2o(I) 
R mt = 0.044 

#max = 30.1°, 8 m i n = 2.7° 

A = -13->13 
£ = -18—17 
/ = — 16— »18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = 1/[cj 2 (F 0 2 ) + (0.03 14P) 2 + 0.0548P] 

where P = {F 2 + 2F 2 )/3 
(A/(7) max = 0.001 
Ap max = 0.75 e A" 3 
Apmin = -0.49 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > aiF 2 ) is used 
only for calculating .K-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TJ- *ITJ 

^iso ' ^eq 


Cdl 


0.226151 (19) 


0.208486 (15) 


0.431225 (15) 


0.03261 (6) 


SI 


0.04751 (7) 


0.34127 (6) 


0.45863 (5) 


0.03845 (15) 


S2 


0.11139(7) 


0.07311 (6) 


0.19832 (6) 


0.04311 (16) 


CI 


0.2081 (3) 


0.0380 (2) 


0.5482 (2) 


0.0349 (5) 


C5 


0.3030 (3) 


-0.0431 (2) 


0.3973 (3) 


0.0542 (7) 


H4 


0.3389 


-0.0363 


0.3415 


0.065* 


C2 


0.1985 (3) 


-0.0638 (2) 


0.5583 (3) 


0.0468 (7) 


HI 


0.1624 


-0.0695 


0.6145 


0.056* 


C3 


0.2432 (4) 


-0.1567 (3) 


0.4838 (3) 


0.0582 (8) 


H2 


0.2360 


-0.2261 


0.4886 


0.070* 


C4 


0.2977 (4) 


-0.1462 (3) 


0.4035 (3) 


0.0622 (9) 


H3 


0.3306 


-0.2071 


0.3541 


0.075* 


C8 


0.0828 (3) 


0.3844 (2) 


0.6114(2) 


0.0319(5) 


C6 


0.1612(3) 


0.1410(2) 


0.6249 (2) 


0.0334 (5) 
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C9 


A nOOiC /OA 

0.0826 (3) 


A cz:ic /ia 
0.5625 (2) 


A OAAT /OA 
0.800/ (2) 


A Al C C /CA 

0.0356 (5) 


CIO 


A AZ" 1 O /O \ 

0.0613 (3) 


A /'TCC /ON 

0.6755 (2) 


A O O TO /O \ 

0.8373 (2) 


A A A O /~ f /~\ 

0.0436 (6) 


T T (\ 

H9 


A A A A A 

0.0400 


A T AO /" 

0.7026 


A TO 1 O 

0.78 18 


A ACO sk 

0.052* 


C14 


A 1 1 /"O / >l \ 

0.H68 (4) 


A C1/IC /") \ 

0.5245 (3) 


A OO A A ZO\ 

0.8844 (2) 


A AC O /" ZO\ 

0.0536 (8) 


TJ 1 O 

H13 


A 1 

0.1325 


A /I /I AC 

0.4495 


A O jC 1 O 

0.8618 


A A/C J * 

0.064* 


/"IT 

C7 


A 1 O TT / /I \ 

0.1277 (4) 


A \\ A O A /O \ 

0.1484 (3) 


A TO 1 O /O \ 

0.7318 (3) 


A ACCA ZO\ 

0.0550 (8) 


H5 


noil') 

0.213/ 


(\ i yi on 
0.1489 


A TOOT 

0. /88 / 


0.0s3* 


H6 


0.0495 


A AO AT 

0.0807 


0.7050 


A AO O rfs 

0.083* 


TJ "7 

H / 


u.uysy 


A 00 A 1 


A HHC\A 
U. / /U4 


A AOIA 


C12 


A 1 (If ft /"> \ 

0.1050 (3) 


A TAA/" ZO\ 

0.7096 (3) 


1 AO O O /O \ 

1.0382 (2) 


A ACO/" /T\ 

0.0526 (7) 


TJ 1 1 

HI 1 


A 1 1 O J 

0.1124 


A ICO/1 

0. /584 


111 in 
1.11 /9 


0.063* 


n i 
Cll 


A AT 1 1 /I A 

0.0 / 13 (3) 


A T /I TO /I A 

0. /4 /8 (2) 


A ACCA ZO\ 

0.9550 (2) 


A AC 1 1 /TA 

0.0521 (/) 


rilU 


A AC C 1 
0.0 J J 1 


A OOOO 

0.8zz9 


A OIOO 

0.9/82 


A A^l * 

0.063* 


/~i 1 o 

C13 


A 1 TTC / A\ 
0. 12 /5 (4) 


A CAOA /1A 

0.5989 (3) 


1 AAOC 

1.0025 (3) 


A A£ 1 A /OA 

0.0610 (8) 


T T 1 1 

H12 


A 1 CAC 

0.1505 


A CT1A 

0.5 /30 


1 AC OA 

1.0589 


A All * 

0.0 /3* 


JN2 


A 1 O 1 /OA 

0.1521 (2) 


A OOA1A / 1 H\ 

0.22010 (16) 


ACA1A1 /1 T\ 

0.59191 (1 /) 


A Al 1/1 //I A 

0.0324 (4) 


XT /I 

JN4 


A A/Tl/I ZO\ 

0.0634 (3 ) 


A A O1O0 ( \ OA 

0.49395 (19) 


A £1/^A I W OA 

0.6/666 (19) 


A A/1 A1 /'CA 

0.040Z (5 ) 


JN3 


A 11A1 /OA 

0.1191 (z) 


A 111 1^/1 IA 

0.32216 (1 /) 


A ££C Ayl /1 1A 

0.66504 (1 /) 


A A1 /I O / J A 

0.0348 (4) 


Nl 


0.2593 (2) 


A A/ITTO /1TA 

0.04738 (17) 


0.46709 (19) 


A AO AA /C\ 

0.0399 (5) 


/~<1 1 

L22 


A TCAC /O A 

0.2505 (3) 


A 1 OAA /1\ 

0.1299 (2) 


A 1 HA O ZO\ 

0.1648 (2) 


A AT n /C\ 

0.0337 (5) 


CzO 


a C01 £ /o a 

0.5Z36 (3 ) 


f\ £H /OA 

0.336/ (Z) 


ft All A /'OA 

0.43 14 (z) 


A CillA /'CA 

0.0334 (5 ) 


/"< 1 C 

C15 


A C C O O /O \ 

0.5532 (3) 


A 1 OAT ZO\ 

0.3897 (2) 


A C /"O /" ZO\ 

0.5636 (2) 


A A") /I A /C\ 

0.0340 (5) 


C23 


a in j /o \ 

0.3274 (3) 


A AAOC ZO\ 

0.0925 (2) 


A A 1 1 O ZO\ 

—0.0112 (2) 


A A A AC //TA 

0.0405 (6) 


L24 


A T>AC /O \ 

0.3295 (3) 


A AAA1 ZO\ 

-0.0091 (3) 


A 1 AAT /OA 

—0.1097 (2) 


A ACA1 /T\ 

0.0503 (7) 


t_too 

Hzz 


U.ZD3J 


n no i o 

— U.Uolo 


—0.13 /6 


n A£A* 


C16 


A /'TO 1 /O \ 

0.6781 (3) 


A yl T O A /O \ 

0.4789 (2) 


A /" /I AO /O \ 

0.6492 (2) 


A A A O A /T\ 

0.0489 (7) 


TT1 J 


A T A HI 

0.7463 


A CAOA 

0.5080 


A ZTO C A 

0.6250 


A ACAA 

0.059* 


L28 


0.4211 (3) 


0.1993 (3) 


A AOTO /O \ 

0.0278 (3) 


A AC O 1 /OA 

0.0581 (8) 


Hz 6 


n a 1 oi 
U.4193 


U.z6s3 


f\ AOT7 

U.U9Z / 


A A1A* 

0.0/0* 


C19 


A /I TT /I /O \ 

0.4774 (3) 


A 1 AO O /O \ 

0.3928 (2) 


A T 1 CO /O \ 

0.7153 (2) 


A A A OA /T\ 

0.0489 (7) 


T T 1 T 

HI / 


A /I AO 1 

0.4083 


0.3634 


A T1 O C 

0. /385 


A ACA* 

0.059* 


C18 


A CAAA ZO\ 

0.5999 (3) 


A /I O 1 1 /O \ 

0.4811 (3) 


A OA A "y /o \ 

0.8043 (3) 


A A/"AA ZO\ 

0.0600 (8) 


Tj 1 /: 
Hit) 


U.61 jj 


U.3 1U6 


U.586U 


U.U 1 


C17 


A TAAO ZO\ 

0.7008 (3) 


0.5246 (3) 


A TT 1 O /O \ 

0.7713 (3) 


A A/"/10 /A\ 

0.0642 (9) 


TJ 1 C 

HI J 


A TO A C 

0. /845 


A C O A C 

0.5845 


A OIAA 

0.8300 


A ATT* 
0.0/ /* 


C25 


A /lie/ - / /1\ 

0.4256 (4) 


A A AO A / A \ 

-0.0030 (4) 


A 1 £ £.t\ /O \ 

-0.1660 (3) 


A A/" OO / 1 A\ 

0.0688 (10) 


Hz J 


A A O /TO 

0.4262 


A AT 1 C 

—0.0/15 


A OIOA 

—0.2320 


A AO 1 * 

0.083* 


Cz / 


A C 1 O J //I A 

0.5 184 (4) 


A OA J 1 / A\ 

0.2041 (4) 


A AO AC /I A 

—0.0295 (3) 


A ATAC /1 1 A 
0.0/95 (11) 


T TO C 

Hz 3 


a c on 
0.582 / 


0.2/64 


A AA1£ 

—0.0026 


A AAC* 

0.095* 


C26 


A CO AA /J A 

0.5200 (4) 


A 1 AOO ( A\ 

0.1022 (4) 


a 1 i/;i /ia 
—0.1263 (3) 


A AOl C /1 1A 

0.0835 (12) 


TJO A 

H24 


A COCO 

0.5858 


A 1 AC A 

0.1054 


A 1 £ /I A 

—0. 1644 


A 1 AA* 
0. 100* 


XT/" 

N6 


A O A A /I /O \ 

0.3994 (2) 


A OCAAA /1 T\ 

0.25909 (17) 


A OCAC/1 /1T\ 

0.35954 (17) 


A AOOT / A \ 

0.0327 (4) 


N5 


A /ICIO ZO\ 

0.4528 (2) 


A O/ITIC /1 0\ 

0.34715 (18) 


A CA/"A1 /1 0\ 

0.59691 (18) 


A Al OA /C\ 

0.0389 (5) 


N7 


0.3738 (2) 


0.21135 (18) 


0.23768 (18) 


0.0374 (5) 


N8 


0.2265 (3) 


0.0800 (2) 


0.0431 (2) 


0.0429 (5) 


C21 


0.6341 (3) 


0.3730 (2) 


0.3876 (3) 


0.0480 (7) 


H18 


0.6029 


0.3237 


0.3010 


0.072* 


H19 


0.7266 


0.3639 


0.4253 


0.072* 


H20 


0.6440 


0.4548 


0.4081 


0.072* 
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H8 0.041 (3) 0.531 (2) 0.639 (2) 0.035 (7)* 

H21 0.152(3) 0.024(2) -0.002(2) 0.042(8)* 



Atomic displacement parameters (A 2 ) 







T 799 

u 




T 719 

u 






T 79*1 

u 


Cdl 


0.03545 (10) 


0.03298 (10) 


0.03154 (10) 


0.00908 (7) 


0.01550 (7) 


0.01576 (8) 


SI 


0.0509 (4) 


0.0407 (3) 


0.0317(3) 


0.0229 (3) 


0.0181 


(3) 


0.0201 (3) 


S2 


0.0417 (4) 


0.0439 (4) 


0.0312 (3) 


-0.0027 (3) 


0.0145 


(3) 


0.0108 (3) 


CI 


0.0361 (13) 


0.0341 (13) 


0.0347 (13) 


0.0098 (10) 


0.0081 


(11) 


0.0196(11) 


C5 


0.071 (2) 


0.0504(17) 


0.0535 (18) 


0.0301 (15) 


0.0326 


(16) 


0.0266(15) 


C2 


0.0517(17) 


0.0423 (15) 


0.0526 (17) 


0.0155 (13) 


0.0159 


(14) 


0.0295 (14) 


C3 


0.070 (2) 


0.0413 (16) 


0.067 (2) 


0.0229 (15) 


0.0158 


(17) 


0.0325 (16) 


C4 


0.076 (2) 


0.0465 (17) 


0.065 (2) 


0.0355 (17) 


0.0270 


(18) 


0.0236 (16) 


C8 


0.0342 (13) 


0.0356(12) 


0.0323 (12) 


0.0132(10) 


0.0161 


(10) 


0.0190(11) 


C6 


0.0325 (13) 


0.0377 (13) 


0.0355 (13) 


0.0118(10) 


0.0128 


(10) 


0.0217(11) 


C9 


0.0387 (14) 


0.0384(13) 


0.0318(13) 


0.0139(11) 


0.0160 


(11) 


0.0164(11) 


CIO 


0.0548 (17) 


0.0375 (14) 


0.0387 (15) 


0.0139(12) 


0.0167 


(13) 


0.0188(12) 


C14 


0.083 (2) 


0.0494(17) 


0.0436 (16) 


0.0323 (16) 


0.0317 


(16) 


0.0268 (14) 


C7 


0.077 (2) 


0.0605 (18) 


0.0552 (18) 


0.0314(16) 


0.0366 


(17) 


0.0407 (16) 


C12 


0.0600(19) 


0.0539(18) 


0.0330 (15) 


0.0100(15) 


0.0200 


(14) 


0.0120(14) 


Cll 


0.0620 (19) 


0.0373 (15) 


0.0437 (16) 


0.0114(13) 


0.0199 


(14) 


0.0092 (13) 


C13 


0.089 (3) 


0.066 (2) 


0.0376(16) 


0.0265 (18) 


0.0281 


(16) 


0.0293 (16) 


N2 


0.0367 (11) 


0.0310(10) 


0.0342(11) 


0.0130(9) 


0.0156 


(9) 


0.0176 (9) 


N4 


0.0582 (15) 


0.0395 (12) 


0.0352 (12) 


0.0258 (11) 


0.0220 


(11) 


0.0227(11) 


N3 


0.0424 (12) 


0.0341 (11) 


0.0337 (11) 


0.0164 (9) 


0.0181 


(9) 


0.0177 (9) 


Nl 


0.0485 (13) 


0.0358 (11) 


0.0429 (12) 


0.0161 (10) 


0.0226 


(10) 


0.0210(10) 


C22 


0.0372 (13) 


0.0355 (13) 


0.0295 (12) 


0.0119(11) 


0.0142 


(10) 


0.0151 (11) 


C20 


0.0298 (12) 


0.0322 (12) 


0.0374 (13) 


0.0096 (10) 


0.0113 


CiO) 


0.0167(11) 


C15 


0.0286 (12) 


0.0319(12) 


0.0383 (14) 


0.0100(10) 


0.0085 


(10) 


0.0164(11) 


C23 


0.0376 (14) 


0.0546(16) 


0.0310(13) 


0.0150(12) 


0.0143 


(11) 


0.0208 (12) 


C24 


0.0570(18) 


0.0598 (18) 


0.0364 (15) 


0.0242(15) 


0.0189 


(13) 


0.0225 (14) 


C16 


0.0342 (14) 


0.0499 (16) 


0.0455 (16) 


0.0017 (12) 


0.0088 


(12) 


0.0151 (14) 


C28 


0.066 (2) 


0.0600 (19) 


0.0418(16) 


0.0029 (16) 


0.0255 


(15) 


0.0190(15) 


C19 


0.0475 (17) 


0.0543 (17) 


0.0359 (15) 


0.0064 (13) 


0.0106 


(13) 


0.0193 (13) 


C18 


0.0511 (18) 


0.070 (2) 


0.0342 (15) 


0.0070(16) 


0.0053 


(14) 


0.0136 (15) 


C17 


0.0414(17) 


0.068 (2) 


0.0418(17) 


-0.0061 (15) 


-0.0007 (14) 


0.0074 (16) 


C25 


0.062 (2) 


0.103 (3) 


0.0435 (18) 


0.043 (2) 


0.0279 


(17) 


0.0286 (19) 


C27 


0.067 (2) 


0.099 (3) 


0.058 (2) 


-0.012 (2) 


0.0248 


(18) 


0.034 (2) 


C26 


0.062 (2) 


0.142 (4) 


0.050 (2) 


0.024 (3) 


0.0331 


(19) 


0.043 (2) 


N6 


0.0313 (11) 


0.0344(10) 


0.0318(11) 


0.0082 (9) 


0.0121 


(9) 


0.0156(9) 


N5 


0.0353 (11) 


0.0407 (12) 


0.0343 (12) 


0.0056 (9) 


0.0088 


(9) 


0.0164(10) 


N7 


0.0334 (11) 


0.0444(12) 


0.0315(11) 


0.0061 (9) 


0.0134 


(9) 


0.0164(10) 


N8 


0.0394 (13) 


0.0470(13) 


0.0313 (12) 


0.0009(11) 


0.0133 


(10) 


0.0124(11) 


C21 


0.0370(15) 


0.0528 (17) 


0.0535 (17) 


0.0046 (12) 


0.0173 


(13) 


0.0268 (14) 



Geometric parameters (A, °) 

Cdl— N6 2.3288 (19) Cll— H10 0.9300 

Cdl— N2 2.3691 (18) C13— H12 0.9300 
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Cdl— Nl 


2.381 (2) 


N2— N3 


1.385 (2) 


Cdl— N5 


2.446 (2) 


N4— H8 


0.84 (2) 


Cdl— SI 


2.5778 (6) 


C22— N7 


1.305 (3) 


Cdl— S2 


2.5814(7) 


C22— N8 


1.371 (3) 


SI— C8 


1.748 (2) 


C20— N6 


1.291 (3) 


S2— C22 


1.738 (2) 


C20— C15 


1.484 (3) 


CI— Nl 


1.344 (3) 


C20— C21 


1.489 (3) 


CI— C2 


1.385 (3) 


CI 5— N5 


1.346 (3) 


CI— C6 


1.487 (3) 


C15— C16 


1.380 (3) 


C5— Nl 


1.332 (3) 


C23— C28 


1.371 (4) 


C5— C4 


1.376 (4) 


C23— C24 


1.386 (3) 


C5— H4 


0.9300 


C23— N8 


1.407 (3) 


C2— C3 


1.381 (4) 


C24— C25 


1.367 (4) 


C2— HI 


0.9300 


C24— H22 


0.9300 


C3— C4 


1.360 (4) 


C16— C17 


1.383 (4) 


C3— H2 


0.9300 


C16— H14 


0.9300 


C4— H3 


0.9300 


C28— C27 


1.383 (4) 


C8— N3 


1.311 (3) 


C28— H26 


0.9300 


C8— N4 


1.365 (3) 


CI 9— N5 


1.335 (3) 


C6— N2 


1.285 (3) 


C19— C18 


1.373 (4) 


C6— C7 


1.498 (3) 


C19— H17 


0.9300 


C9— C14 


1.377 (4) 


C18— C17 


1.353 (4) 


C9— CIO 


1.387 (3) 


C18— H16 


0.9300 


C9— N4 


1.413 (3) 


C17— H15 


0.9300 


CIO— Cll 


1.376 (3) 


C25— C26 


1.355 (5) 


CIO— H9 


0.9300 


C25— H23 


0.9300 


C14— C13 


1.383 (4) 


C27— C26 


1.375 (5) 


C 14— HI 3 


0.9300 


C27— H25 


0.9300 


C7— H5 


0.9600 


C26— H24 


0.9300 


C7— H6 


0.9600 


N6— N7 


1.373 (3) 


C7— H7 


0.9600 


N8— H21 


0.83 (3) 


C12— C13 


1.365 (4) 


C21— HI 8 


0.9600 


C12— Cll 


1.373 (4) 


C21— H19 


0.9600 


C12— Hll 


0.9300 


C21— H20 


0.9600 


N6— Cdl— N2 


151.43 (7) 


N3— N2— Cdl 


120.07 (13) 


N6— Cdl— Nl 


111.91 (7) 


C8— N4— C9 


132.0 (2) 


N2— Cdl— Nl 


67.80 (6) 


C8— N4— H8 


116.0 (16) 


N6— Cdl— N5 


68.06 (7) 


C9— N4— H8 


111.9(16) 


N2— Cdl— N5 


83.38 (7) 


C8— N3— N2 


112.35 (18) 


Nl— Cdl— N5 


94.00 (7) 


C5— Nl— CI 


118.4 (2) 


N6— Cdl— SI 


113.46 (5) 


C5— Nl— Cdl 


122.97 (18) 


N2— Cdl— SI 


71.90 (5) 


CI— Nl— Cdl 


117.63 (15) 


Nl— Cdl— SI 


134.61 (5) 


N7— C22— N8 


115.7 (2) 


N5— Cdl— SI 


101.36(5) 


N7— C22— S2 


129.77 (18) 


N6— Cdl— S2 


75.54 (5) 


N8— C22— S2 


114.48(18) 


N2— Cdl— S2 


132.65 (5) 


N6— C20— C15 


116.4(2) 


Nl— Cdl— S2 


93.71 (5) 


N6— C20— C21 


123.3 (2) 


N5— Cdl— S2 


143.06 (5) 


CI 5— C20— C21 


120.3 (2) 
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C 1 Z" 1 A 1 CO 

M — Cal — hi 


no co /o\ 
98.58 (2) 


/no C 1 P ,] 1 

Co — M — Cal 


AC OO ZO\ 

95.23 (8) 


C22 — S2 — Cal 


Pi/" "7 A /0\ 

96.70 (8) 


XT 1 P 1 i~"S 

Nl — CI — C2 


1 O 1 O 

121.2 (2) 


XT 1 P 1 p r 

Nl — CI — Co 


116.9 (2) 


C2 — CI — Co 


1 o 1 a /o \ 

121.9 (2) 


XT 1 PC P /I 

N 1 — C5 — C4 


123.3 (3) 


XT 1 P C T T /I 

N 1 — C5 — H4 


118.3 


p J PC T T /I 

C4 — C5 — H4 


1 1 O O 

118.3 


C3 — C2 — CI 


119.0 (3) 


po O TT1 

C3 — C2 — HI 


1 OA C 

120.5 


p i /"-< >~\ T T 1 

CI — C2 — HI 


120.5 


C • A PO P O 

C4 — C3 — C2 


1 1 Pi O /") \ 

119.8 (3) 


p /I PO TTO 

C4 — C3 — Hz 


1 OA 1 

120.1 


p ~\ P O TTO 

Cz — C3 — Hz 


1 OA 1 

120.1 


P O p A pr 

C3 — C4 — C5 


1 1 O O ZO\ 

118.2 (3) 


PO p a TJ1 

C3 — C4 — H3 


1 OA A 

120.9 


/-if p a TTO 

C5 — C4 — H3 


1 OA A 

120.9 


XTO XT/1 

N3 — C8 — N4 


119.1 (2) 


XT'? P O C 1 

N3 — C8 — SI 


in o /i /i o\ 

127.34 (17) 


N4 — Co — M 


113.45 (1 /) 


XTO /~* t~* 1 

N2 — Co — CI 


1 1 C 1 ZO\ 

115.1 (2) 


N2 — C6 — C7 


1 O A 1 /ON 

124.1 (2) 


Cl — Co — C7 


1 O A "7 ZO\ 

120.7 (2) 


C14 — C9 — CIO 


1 1 a a /o\ 

119.0 (2) 


p i < /-ir\ XT/I 

C14 — C9 — N4 


125.1 (2) 


pi rv nf\ XT/1 

CIO — C9 — N4 


115.9 (2) 


pi i pi a pa 

Cll — CIO — C9 


1 O A *7 /") \ 

120.7 (3) 


Cll — CIO — H9 


1 1 A O" 

119.7 


p i \ P1 A TTfk 

C9 — CIO — H9 


119.7 


p r\ p -1 a p i 

C9 — C14 — C13 


119.5 (3) 


p n p i /i tti ^ 

C9 — C14 — HI 3 


1 OA O 

120.3 


p 1 O p 1 A TTI'? 

C13 — C14 — HI 3 


1 OA O 

120.3 


P /- PT TTf 

C6 — C7 — H5 


109.5 


p / PO" TTzT 

Co — C7 — Ho 


1 AA C 

109.5 


TTf/ /in Ti/' 

H5 — C7 — Ho 


1 AA C 

109.5 


p / pt in 

Co — C7 — H7 


109.5 


TTC p 'J TT*7 

H5 — C7 — H7 


1 AA C 

109.5 


Ho — C7 — H7 


109.5 


p 1 O p i -> pit 

C 1 3 — C 1 2 — C 1 1 


1 1 A O /") \ 

119.2 (3) 


p 1 O pn TT11 

C13 — C12 — Hll 


1 OA /I 

120.4 


p i 1 p -i r\ T T 1 1 

Cll — C12 — Hll 


120.4 


p 1 ^> P11 P i n 

C12 — Cll — CIO 


1 O A O /O \ 

120.2 (3) 


Clz — Cll — HID 


1 1 n a 
119.9 


CIO— Cll— H10 


119.9 


C12— C13— C14 


121.5 (3) 


C12— C13— H12 


119.3 


C14— C13— H12 


119.3 


C6— N2— N3 


117.64(19) 



\Tf p i r p i /_ 

N5 — C15 — Clo 


101 1 /o\ 

121.1 (2) 


\Tf pi r pin 

N5 — C15 — C20 


1 1 H O ZO\ 

117.2 (2) 


p i ^ pif/ pin 

C16 — C15 — C20 


10 1 "7 /ON 

121.7 (2) 


C28 — C23 — C24 


1 1 A O /O \ 

119.2 (3) 


PIO pn XTO 

C28 — C23 — N 8 


100 1 /o\ 

123.3 (2) 


p /( pn xto 

C24 — C23 — N8 


117.5 (2) 


/^OC pi ^ PT) 

C25 — C24 — C23 


1 OA O /O \ 

120.3 (3) 


PIC po /I TTOO 

Cz5 — C24 — H22 


1 1 A A 

119.9 


p -\ O po /I TTOO 

Cz3 — C24 — H22 


1 1 A A 

119.9 


p i r p 1 /" p i t 

C15 — C16 — C17 


1 1 A ") /O \ 

119.3 (3) 


pi r pi/: tti /I 

C15 — Clo — H14 


1 OA O 

120.3 


pn pi/" tti j 

C 1 7 — C 1 o — H 1 4 


1 OA 1 

120.3 


PT) pio p O "7 

C23 — C28 — C27 


1 1 A A /"O \ 

119.9 (3) 


/~>oo no ttoz: 

C23 — C28 — H26 


1 OA 1 

120.1 


/—' /-» -7 P^O TTO/' 

C27 — C28 — H26 


120.1 


N5 — C19 — C18 


1 O O 1 /") \ 

123.1 (3) 


X.TC p in r t 1 -7 
— C19 — HI / 


110C 

118.3 


p 1 O p 1 i-\ tti a 

C18 — C19 — H17 


110c 

118.5 


p 1 ^ p 1 0 p 1 A 

Cl7 — C18 — C19 


1100 /O \ 

118.8 (3) 


pin pi 0 TT1ZT 

C17 — C18 — H16 


1 OA £ 

120.6 


1 A 1 O TT1 i 

Cl9 — Cl8 — H16 


1 oa z: 

120.6 


P 1 O p 1 -7 P1/" 

C18 — C17 — C16 


1 1 A O ZO\ 

119.3 (3) 


P 1 O /" " 1 ~1 TTI f 

C18 — C17 — H15 


120.3 


p 1 /_ p 1 -7 tti r 

C16 — C17 — H15 


1 OA O 

120.3 


C26 — C25 — C24 


1 0 a z: /o \ 

120.6 (3) 


p ^> / PIC TTOO 

C26 — C25 — H23 


119.7 


p ^> /I PIC TTO") 

C24 — C25 — H23 


119.7 


C26 — C27 — C28 


1 OA A /O \ 

120.0 (3) 


p ^) /- PT7 T_roc 

Czo — Cz / — Hzj 


1 OA A 

120.0 


PTO pon TTOC 

Cz8 — C27 — Hz5 


1 OA A 

120.0 


ptc p -> /■ pn 

C25 — C26 — C27 


1 OA A /O \ 

120.0 (3) 


PIC p -> /- TTO/1 

Cz5 — C26 — H24 


1 OA A 

120.0 


pn p^o /, 00 1 
Cz / — Czo — Hz4 


1 OA A 

120.0 


POA XT/1 XTO" 

CzU — No — N7 


11C CO f 1 A\ 

115.53 (19) 


p -> A XT/" p 11 

C20 — No — Cal 


100 O C { 1 zl\ 

122.35 (16) 


XT "7 xtz: P.I 1 

N7 — No — Cal 


IOO AT / 1 /I \ 

122.07 (14) 


pin XTC PIC 

ciy — nd — co 


1101 /o\ 
118.3 (2) 


Pin xtc p ji 

C19 — N5 — Cal 


I^C 71 / 1 0\ 

125.71 (18) 


/—' 1 c XTC p JI 

C15 — N5 — Cal 


11C C") /1C\ 

115.53 (15) 


pn xto" tvtz: 

C22 — N7 — No 


11C 0"A /I A\ 

115.70 (19) 


POO XTO POO 

Czz — N8 — Cz3 


1 OO" /o\ 

127.6 (2) 


/~iOO XTO TTOI 

C22 — N8 — H21 


11/1 0/10\ 

1 14.8 (18) 


POO XTO TTOI 

C23 — N8 — H21 


115.6 (18) 


C20— C21— HI 8 


109.5 


C20— C21— H19 


109.5 


HI 8— C21— HI 9 


109.5 


C20— C21— H20 


109.5 


HI 8— C21— H20 


109.5 


HI 9— C21— H20 


109.5 
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C6— N2— Cdl 121.55 (15) 



xt/: f~~* A i ci /~< o 

N6 — Cdl — SI — C8 


11/1 /: a / 1 A\ 

— 124.64 (10) 


XT/: P J1 XT 1 f ^ 1 

N 6 — C d 1 — N 1 — C 1 


1 c c oa / 1 n\ 

155.39 (17) 


XTO f ' A 1 C1 /"* O 

N2 — Cdl — SI — C8 


tc oo /n\ 

25.28 (9) 


XTO f '^ A 1 XT 1 1 

N 2 — Cd 1 — N 1 — C 1 


/ n /i 7\ 

6.27 (17) 


Nl — Cdl — SI — Co 


CO CI /I 1 \ 

53.53 (11) 


XTC A 1 XT1 /"• 1 

N 5 — Cd 1 — N 1 — C 1 


on AC f 1 o\ 

87.45 (18) 


\Tf /ill c 1 p O 

N5 — Cdl — SI — C8 


Cy o 1 / 1 a\ 

-53.81 (10) 


C 1 J i XT 1 /~i 1 

SI — Cdl — Nl — CI 


oo o /o\ 

-22.8 (2) 


CO /nil C1 <^~"0 

S2 — Cdl — SI — C8 


1 CO" AH /o\ 

157.47 (8) 


C O /"< J 1 XT 1 /"< 1 

S2 — Cdl — Nl — CI 


-128.71 (17) 


XT/1 p Ji no r">i 

N 6 — Cd 1 — S2 — C22 


o on /a\ 

-2.87 (9) 


ri Ji ci no XTT 

Cdl — S2 — C22 — N 7 


O A ZO\ 

2.4 (2) 


xto p . J i ci 

N 2 — Cd 1 — S2 — C22 


1 *7T /in / 1 a\ 

-177.49 (10) 


C ' A 1 CO /"" O O XTO 

Cd 1 — S2 — C22 — N 8 


1 to o o / 1 n\ 

-178.32 (17) 


XT 1 /" 11 CO /— ■ o o 

Nl — Cdl — S2 — C22 


11/1 C C i 1 A\ 

-114.55 (10) 


XT/' /~i o A /"< 1 C XTC 

N6 — C20 — CI 5 — N5 


4.1 (3) 


\Tf p ii co rn 

N 5 — Cd 1 — Sz — Czz 


-12.87 (12) 


/~i0 1 POA n r XTC 

C2 1 — C20 — C 1 5 — N 5 


1 tc n /o\ 

—175.7 (2) 


SI — Cdl — S2 — C22 


1 ah on /o\ 

109.27 (8) 


N 6 — C20 — C 1 5 — C 1 6 


1 H £. A /o\ 

-176.0 (2) 


\ti p i PO /~i O 

Nl — CI — C2 — C3 


0.3 (4) 


PO 1 /~iO A /~" 1 C /~i 1 /" 

C2l — C20 — CI 5 — CI 6 


4.3 (4) 


Co — CI — C2 — C3 


179.7 (2) 


f • /-\ o /"<0 1 /~10 /I /" ' o c 

C28 — C23 — C24 — C25 


1.0(4) 


C 1 — C2 — C3 — C4 


1 A / /I \ 

1.0(4) 


XTO /~iO ") /" ' o /I Z" 1 0 C 

N8 — C23 — C24 — C25 


1 T A £. /O \ 

-179.6 (3) 


PO PO P /] p c 

C2 — C3 — C4 — C5 


-1.6(5) 


N5 — C15 — C16 — C17 


A A ( A \ 

0.4 (4) 


\ti P^ C P A P "> 

N 1 — C5 — C4 — C3 


1.0 (5) 


/— 1 o A /~i 1 C P 1 /" /~i 1 ^ 

C20 — C 1 5 — C 1 6 — C 1 7 


1 T A /" /ON 

-179.6 (2) 


p J 1 ri i p o xyi 

Cdl — SI — C8 — N3 


-31.2 (2) 


/— < o A POO POO POT 

C24 — C23 — C28 — C27 


1 O /C\ 

-1.3 (5) 


pi 1 C1 Z" 1 O XT/I 

Cdl — SI — Co — N4 


1 C 1 /I ■*? / 1 

151.43 (17) 


XTO p O ~) POO po "7 

N8 — C23 — C28 — C27 


1 n a o /o \ 

179.3 (3) 


XT1 /"• 1 p r XTO 

Nl — CI — Co — N2 


1 1 A /")\ 

11.0 (3) 


xtc p i (\ pio /*in 

N5 — C19 — C18 — C17 


A O /CA 

0.2 (5) 


p o ni p s XTO 

C2 — CI — Co — N2 


1 O ^ /1\ 

-168.4 (2) 


P1A PIO P1T PI/' 

C19 — C18 — C17 — C16 


A 1 /C\ 

-0.1 (5) 


XT1 f 1 1 p f PT 

Nl — CI — Co — C7 


1 /"A 1 ZO\ 

-169.2 (2) 


P1C p 1 / p 1 -7 PIO 

CI 5 — C16 — C17 — C18 


A 1 /C\ 

-0.1 (5) 


PO p 1 p /_ /-in 

C2 — CI — Co — C7 


11 A / A \ 

11.4 (4) 


POO PO /I p O C /" • O /_ 

C23 — C24 — C25 — C26 


A 1 /C\ 

0.1 (5) 


p i ,i /^r\ p i /\ pi i i 

C 1 4 — C9 — C 1 0 — C 1 1 


1 i / /i \ 
-1.3 (4) 


POO POO PO"7 PO/" 

C23 — C28 — C27 — C26 


0.7 (5) 


XT/i nn p 1 a 1 

N4 — C9 — C 1 0 — C 1 1 


177.3 (3) 


PO A POC PO/" p o "7 

C24 — C25 — C26 — C27 


A O /P\ 

-0.8 (6) 


p i r\ p 1 yi pi i fy 

C 1 0 — C9 — C 1 4 — C 1 3 


0.7 (4) 


POO POT PO/" POC 

C28 — C27 — C26 — C25 


0.4 (6) 


XT/I <"» pi H p | -) 

N 4 — C9 — C 1 4 — C 1 3 


1 nn n fi\ 

-177.7 (3) 


PIC POA XT£ XTT 

CI 5 — C20 — N6 — N7 


1 TA OO / 1 0\ 

179.82 (18) 


i o p< i o p 1 1 /~i i /\ 
C13 — C12 — Cll — CIO 


-0.4 (5) 


PO 1 POA XT/' XTT 

C2 1 — C20 — N6 — N7 


-0.4 (3) 


C9 — C 1 0 — C 1 1 — C 1 2 


1 1 //I \ 

1.1 (4) 


pi r POA M/ P A 1 

C 1 5 — C20 — N 6 — Cd 1 


O 1 /O \ 

2.1 (3) 


p 1 1 pi 1 o p 1 o p 1 /I 

Cll — C12 — C13 — C14 


A 1 SC\ 

-0.1 (5) 


PO 1 POA \T/ p J 1 

C21 — C20 — N6 — Cdl 


1 TO 1 O /1T\ 

-178.17 (17) 


p t\ p i a rii o /-ii ^ 

C9 — C 1 4 — C 1 3 — C 1 2 


A A /C \ 

0.0 (5) 


XTO p A 1 XTZT POA 

N2 — Cdl — N6 — C20 


/T O /O \ 

-6.2 (3) 


/ i i /"I/" \T1 \y) 

C 1 — C 6 — N 2 — N 3 


1 T C A 1 / 1 A \ 

-175.47 (19) 


XT1 p .1 1 \t/ POA 

Nl — Cdl — N6 — C20 


OA "7 A / 1 A\ 

-89.70 (19) 


C 7 — C 6 — N 2 — N 3 


/I H f A\ 

4.7 (4) 


XTC p A 1 XTZ: /" " O A 

N 5 — Cd 1 — N 6 — C20 


A O C / 1 T\ 

-4.35 (17) 


p 1 /-i /- XTO p Jl 

CI — Co — N2 — Cdl 


-5.3 (3) 


C 1 P J 1 XT/' POA 

SI — Cdl — N6 — C20 


O O A A / '\ Q \ 

88.90 (18) 


/""7 P 1 /_ XTO /"• J 1 

C 7 — C 6 — N 2 — C d 1 


i n a a /i\ 

174.9 (2) 


CO p A I XTZT p O A 

S2 — Cdl — N6 — C20 


1 nn oa / 1 n\ 

-177.89 (19) 


N 6 — Cd 1 — N 2 — Co 


—95.5 (2) 


XTO p A I \T/" XTT 

N2 — Cdl — N6 — N7 


176.23 (14) 


XT1 .1 1 XTO /"• /_ 

N 1 — Cdl — N2 — Co 


A 1 "5 / 1 0\ 

-0.13 (18) 


XT1 p A 1 \T/" XTT 

N 1 — C d 1 — N 6 — N 7 


AO T1 / 1 T\ 

92.71 (17) 


\Tf pi ji XTO /~" /" 

N5 — Cdl — N2 — Co 


A"7 OA / 1 A\ 

-97.20 (19) 


XTC P J 1 \T/ XTT 

N5 — Cdl — N6 — N7 


1TO A/" /10\ 

178.06 (18) 


C1 /" ^ J | XTO P /" 

SI — Cdl — N2 — Co 


1 C O CO / 1 A\ 

158.52 (19) 


C 1 P J1 XT/' XTT 

SI — Cdl — N6 — N7 


OO /"A /l/'X 

-88.69 (16) 


CO f ' A 1 XTO /" 1 /_ 

S2 — Cdl — N2 — Co 


T) /o\ 

73.6 (2) 


CO p A I XT/T XTT 

S2 — Cd l — N 6 — N 7 


A CO /1 C\ 

4.52 (15) 


XT/1 P .J 1 XTO XT'? 

N 6 — Cd 1 — N 2 — N 3 


HA A ZO\ 

74.4 (2) 


pio P1A XTC pic 

CI 8 — C19 — N5 — C15 


A 1 i A\ 

0.1 (4) 


XT1 /"" A 1 XTO XT'? 

N 1 — Cdl — N2 — N3 


1 jCA TO / 1 0\ 

169.78 (18) 


pio P1A XTC p ,1 1 

C18 — C19 — N5 — Cdl 


ini r\ /o\ 

-171.9 (2) 


N5— Cdl— N2— N3 


72.71 (16) 


CI 6— CI 5— N5— C19 


-0.4 (4) 


SI— Cdl— N2— N3 


-31.57(15) 


C20— CI 5— N5— C19 


179.6 (2) 


S2— Cdl— N2— N3 


-116.53 (15) 


CI 6— CI 5— N5— Cdl 


172.36 (19) 


N3— C8— N4— C9 


4.0 (4) 


C20— CI 5— N5— Cdl 


-7.6 (3) 


SI— C8— N4— C9 


-178.4 (2) 


N6— Cdl— N5— C19 


178.4 (2) 


CI 4— C9— N4— C8 


-5.7 (5) 


N2— Cdl— N5— C19 


-2.5 (2) 


CIO— C9— N4— C8 


175.8 (3) 


Nl— Cdl— N5— C19 


-69.6 (2) 
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\T/| /"<0 XT') XT'"! 

N 4 — C a — N 3 — N 2 


—172.7 (2) 




Sl- 


-Cdl— N5— C19 




67.5 (2) 


C 1 /~< O XT'? XT1 

SI — C8 — N3 — N2 


1 A 1 /'J \ 

10.1 (3) 




S2- 


-Cdl— N5— C19 




-171.19 (17) 


Co — N2 — N3 — C8 


1 o /i\ 

-166.0 (2) 




N6— Cdl— N5— C15 




6.18 (15) 


Cdl — N2 — N3 — Co 


23.0 (2) 




XT? 


— V~-U 1 IN J \_ 1 D 




-174.70 (17) 


C • A /"• r XT1 C ' 1 

C4 — C5 — N 1 — CI 


A -1 / A \ 

0.4 (4) 




1\T1 

In 1 — 


phi c^'\ 

— ^Ul IN J V^-l J 




118.22 (17) 


C4 — C5 — N 1 — Cdl 


1 1 /1\ 

-168.1 (2) 




Sl- 


-Cdl— N5— C15 




-104.72 (16) 


C2 — CI — Nl — C5 


1 A / /I \ 

-1.0 (4) 




S2- 


-Cdl— N5— C15 




16.6 (2) 


C • s /"" 1 XT 1 C 

Co — CI — N 1 — C5 


179.6 (2) 




N8- 


-C22— N7— N6 




-178.4 (2) 


C • ~\ r t i XT1 p Jl 

C2 — C 1 — N 1 — Ca 1 


1 /"O AT / 1 A\ 

168.07 (19) 




S2- 


-C22— N7— N6 




A O /1\ 

0.8 (3) 


Cfk C^ 1 "Ml PHI 






C20- 


— N6— N7— C22 




1 77 8 (1\ 
1 / / .o yz.) 


N6— Cdl— Nl— C5 


-36.1 (2) 




Cdl 


— N6— N7— C22 




-4.5 (3) 


N2— Cdl— Nl— C5 


174.8 (2) 




N7- 


-C22— N8— C23 




10.8 (4) 


N5— Cdl— Nl— C5 


-104.0 (2) 




S2- 


-C22— N8— C23 




-168.6(2) 


SI— Cdl— Nl— C5 


145.7 (2) 




C28— C23— N8— C22 




-44.0 (4) 


S2— Cdl— Nl— C5 


39.8 (2) 




C24- 


— C23— N8— C22 




136.6 (3) 


Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 




U-A 


D-A 


D — H—A 


N4— H8-S1 1 




0.84 (2) 




2.60 (3) 


3.437 (2) 


172 (2) 


N8— H21-S2" 




0.83 (3) 




2.79 (3) 


3.513 (2) 


147 (2) 



Symmetry codes: (i) -x, -y+l, -z+1; (ii) -x, -y, -z. 
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